Abstract − A quad ridge horn antenna is presented as a feed for a reflector antenna for use in radio astronomy applications. The antenna uses shaped sidewalls to limit the variation of beamwidth over the frequency range and to obtain greater radiation pattern rotational symmetry. The antenna is dual-polarized and matched over more than a 4:1 bandwidth.
INTRODUCTION
Quad ridge horn antennas can obtain large bandwidths and are dual polarised [1, 2] , however, as an aperture type antenna the expected variation of the beamwidth of a quad ridge horn is inversely proportional to the aperture size in wavelengths [3] .
This makes such antennas less suitable for reflector antenna feeds in cases where high aperture efficiency across the band is required, such as radio astronomy.
Elliptically shaped waveguide horn antennas and TEM horn antennas have been shown to have a beamwidth that varies little with frequency [4, 5] . Waveguide horns, however have limited bandwidth while TEM horns are limited to a single polarization. Applying elliptically shaped sidewalls to a quad ridge horn antenna can result in a much larger bandwidth while the radiation pattern is improved by the addition of the shaped sidewalls.
Current quad ridge horn antennas are typically not adequately matched for radio astronomy applications. This is due to the fact that these antennas are designed for maximum impedance bandwidth [1, 2] .
Transitions from coaxial to quad ridge waveguide, particularly for othomode transducers have shown that very low return loss and good isolation between orthogonal ports can be attained using such transitions over limited bandwidths [6] .
Developing a quad ridge horn antenna with shaped sidewalls for a bandwidth smaller than is currently attained by quad ridge horn antennas could thus result in a feed antenna that is adequately matched with beamwidths suitable for attaining high aperture efficiency over a large bandwidth.
Another factor that has to be considered is how well the antenna can be designed to achieve a specific beamwidth. Designs for new radio astronomy telescopes are investigating the use of different reflector configurations, such as prime focus or offset Gregorian [7] . These require different edge illuminations -having a feed antenna that can be designed to achieve the required beamwidths for either configuration would be advantageous. 
ANTENNA MODELING
The antenna was modeled using FEKO, a commercial method of moments (MoM) code [8] . The coaxial to quad ridge waveguide transition was designed to use a 50 Ω SMA connector. The model included the transition from SMA to an airline. The dielectric of the SMA connector is modeled using the surface equivalence principle. The ridges and the back cavity as well as the flared section of the ridges were optimized to provide a good match to a 50 Ω coaxial line. Such low impedance can be achieved by using ridges that have a small ridge gap. The small ridge gap was realized by using chamfered ridges. As both orthogonal ports were modeled it was not possible to use symmetry in the solution. The model was used to conduct a parametric study to determine how different elliptically shaped sidewalls affect the radiation patterns, and how well the patterns could be controlled using such sidewalls.
SIMULATION RESULTS
The simulated results of the antenna model indicated that by using elliptically shaped sidewalls the radiation patterns could be improved. The radiation patterns were closer to being rotationally symmetric, had lower sidelobes and a beamwidth that was less frequency dependent compared to similar antennas without sidewalls or with straight sidewalls. A parametric study of different elliptical sidewalls also indicated that the beamwidth could be controlled to a large extent by the ratio between the aperture and the length of the antenna. A large aperture helped to limit the variation in the beamwidth.
The parametric study results were used to design a quad ridge horn antenna for a specific edge taper. The simulations indicated that the antenna is matched over the 0.75 to 3 GHz band as can be seen in figure  3 .
The reflection coefficient is less than -15 dB over the band with large portions below -20 dB.
The difference between the two ports is due to the different positions of the feed pins in the coaxial to waveguide transition as shown in figure 2. The simulation also indicated that the coupling between orthogonal ports is low (less than -40 dB) over this band.
The antenna boresight gain, shown in figure 4 , is relatively constant for a large part of the band, indicating good pattern stability. The increase in gain beyond 3 GHz can be attributed to the excitation of higher order modes in the feed region of the antenna. This level was chosen as the edge illumination required is typically close to 10 dB [9] .
Along with comparison of the radiation patterns at a number of different frequencies this gave a good indication of how constant the radiation pattern is.
The beamwidths of the principle plane patterns were also compared to obtain a measure of how close the patterns are to being rotationally symmetric.
The beamwidth has been calculated for port 1. The beamwidths obtained for port 2 were similar. It indicates that the radiation patterns vary little as a function of frequency, especially from 1 to 3 GHz while the difference between the E-and H-plane radiation patterns are relatively small over this band.
There are also no sudden changes in the beamwidth indicating the presence of sidelobes. This is confirmed by the radiation patterns shown for a number of frequencies in figure 6 .
The radiation patterns show that the sidelobes are very low and that the variation in the pattern with frequency is limited compared to what would usually be expected from a horn antenna. In addition it shows that the patterns are close to being rotationally symmetric. The H-plane patterns change more than the E-plane pattern -this is expected due to the circular waveguide that is used. For all the radiation patterns the backlobe was more than 15 dB down from the boresight gain.
CONCLUSION
A quad ridge horn antenna with elliptically shaped sidewalls has been presented. The antenna is well matched over more than a 4:1 bandwidth. The addition of shaped sidewalls improved the radiation pattern performance of the antenna with respect to achieving radiation patterns that vary less as a function of frequency, have lower sidelobes and are closer to being rotationally symmetric. A prototype of this antenna is currently being manufactured.
